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Hyperbaric oxygen (HBO2) therapy is frequently used in the treatment of foot complications in diabetic patients. During HBO therapy, patients are exposed to 100% oxygen at a pressure between 2 to 3 atmospheres absolute (ATA). Diabetes mellitus is associated with various kinds of cardiovascular problems including coronary artery disease, left ventricular systolic and diastolic dysfunction and congestive heart failure. 1 Exposure to hyperbaric hyperoxia may affect cardiovascular function by different mechanisms. HBO2 therapy increases systemic vascular resistance, induces bradycardia and reduces cardiac output. [2] [3] [4] The effects of HBO2 therapy on cardiovascular homeostasis are well tolerated in patients without cardiovascular pathology. However, patients with underlying cardiac disease may experience serious problems such as pulmonary edema and death during HBO2 therapy. 5 B-type natriuretic peptide (BNP) is a cardiac neurohormone. It is synthesized as a 108-aminoacid-long prohormone termed proBNP, which is stored in secretory granules in ventricular myocytes. On secretion into circulation, proBNP is cleaved in equal proportions into biologically inactive N-terminal pro-BNP (NT-proBNP; 76 amino acids) and biological active BNP (32 amino acids). The cardiac production and plasma concentration of NT-proBNP is very low in healthy subjects. 6 A small amount of proBNP is stored in myocytes and gene expression is the main regulator of peptide secretion. The proBNP gene expression increases very rapidly in response to an appropriate stimulus. 7 The main stimulus for increased BNP and NT-proBNP synthesis and secretion is myocardial wall stress as a result of ventricular volume expansion and pressure overload. 8, 9 Both peptides, therefore, have been suggested as powerful biochemical markers of myocardial stress/dysfunction. 9, 10 Little is known about the influences of environmental factors on plasma levels of BNP and NTproBNP. In a recent study, Grassi et al. 11 investigated the effect of HBO2 therapy on BNP levels in healthy subjects and reported no change after HBO2 therapy. The effect of HBO2 therapy on plasma NT-proBNP levels in diabetic patients has not been evaluated previously.
We hypothesized that changes in NT-proBNP levels could provide additional information about how hyperbaric hyperoxia (HBO2 therapy) effects the ventricular function in diabetic patients. The aim of this study was to evaluate the effect of HBO2 therapy on NT-proBNP levels in diabetic patients.
Materials and Methods
The study was approved by the Institutional Ethics Committee of the Gulhane Military Medical Academy, and all patients gave written informed consent before participation. The study group consisted of 26 diabetic patients with non-healing lower extremity ulcers referred to our department for HBO2 therapy between May 2007 and September 2007. Patients with pulmonary emboli, cirrhosis, pulmonary hypertension, renal failure, malignity, tuberculosis, acute coronary syndrome, and acute pulmonary edema were excluded from the study.
Echocardiography (Vivid 3, General Electrics) was performed before the first HBO2 therapy in all patients. Left ventricular, left atrial and aortic diameters, ejection fraction, left ventricular wall thickness, and left ventricular diastolic function were evaluated. Arterial blood pressure and heart rate was measured after 30 min rest before entering the hyperbaric chamber. Arterial blood pressure and heart rate measurements were repeated within 15 minutes after the HBO therapy.
Venous blood sample was drawn from each patient for NT-proBNP measurement at resting position before the first HBO2 therapy. Patients received routine hyperbaric treatment including three 30 min oxygen periods with two 5 min air breaks at 2.4 atmospheres absolute (ATA) in a multiplace hyperbaric chamber. Together with compression (10 min) and decompression periods (10 min), the total duration of the HBO2 therapy was 120 min. Just after the treatment, a second venous blood sample was drawn for NT-proBNP measurement. Blood samples were sent immediately to the biochemistry laboratory. Serum was separated and stored at -80 o C until the all samples were collected. NT-proBNP was measured using Elecsys proBNP assay (Roche Diagnostics, Basel, Switzerland) according to the manufacturer's guidelines.
Statistical analyses were performed using commercially available software (SPSS Inc. 10.0, Chicago, IL). Pre-and post-HBO2 values were compared using Wilcoxon signed rank test. A P value < 0.05 is regarded as statistically significant.
Results
Twenty-six patients were included in the study. One patient did not come for HBO2 therapy and was excluded from the study. The clinical characteristics of Table 2 . Mean left ventricular ejection fraction was 57.9 ± 8.8% and left ventricular enddiastolic diameter was 46.2 ± 7.2 mm. None of the patients had decompensated heart failure. Systolic dysfunction was detected in two patient and diastolic dysfunction in three patients. Right ventricular diameter and function were in the normal range in all patients. NT-proBNP levels, arterial blood pressure and heart rate of patients before and after HBO2 therapy are presented on Table 3 . Heart rate and arterial blood pressure of patients did not change with HBO2 therapy. However, NT-proBNP levels increased 12.9 ± 13.1 % after HBO2 therapy (915 ± 1191 pg/ml) compared with the pretreatment values (815 ± 1096 pg/ml) (P<0.05). None of the patients experienced a complication related to HBO2 therapy during the study period.
Discussion
Our results demonstrated that serum NT-proBNP levels increases after HBO2 therapy in diabetic patients without overt cardiovascular disease. HBO2 therapy favourably increases the amount of oxygen dissolved in the arterial blood and leads to hyperoxia even in poorly perfused tissues. 12 HBO2 induced hyperoxia increases systemic vascular resistance by peripheral vasoconstriction. 2, 4 In addition, it has been shown that acute exposure to hyperbaric hyperoxia increases left ventricular wall stress. 4 We suggest that increased systemic vascular resistance induced left ventricular wall stress in diabetic patients and augmented secretion of NT-proBNP.
Since this is the first study to investigate the effect of HBO2 therapy on NT-proBNP levels in diabetic patients, it is not possible to compare our results with others. However, Grassi et al. investigated the effect of HBO2 therapy on BNP levels in a small group of healthy volunteers. 11 The HBO2 therapy protocol in their study was very similar to our protocol. Eight subjects were exposed to %100 O2 at 2.5 ATA for 90 min in a hyperbaric chamber. BNP levels were measured at three time points: before the HBO2 therapy, immediately at the end of the therapy, and at 5 hours from the beginning of the therapy. In contrast to our findings, they found that BNP levels did not change with HBO2 therapy. The differences between the study of Grassi et al. and our study may explain the discrepancy in the results. While our study group consisted of diabetic patients, they included healthy volunteers who are also relatively younger than our study group (32.3 yr vs. 64.7 yr; respectively). Grassi et al. 11 reported that BNP levels were within normal values at all times in their study subjects. Although none of the patients had decompensated hearth failure or experienced acute myocardial ischemia during the study period, NT-proBNP levels were higher than normal in most of the patients. Similar results have been reported by Magnusson et al. 13 who found increased levels of NT-proBNP in diabetic patients without overt cardiovascular disease. The myocardium in diabetic patients is adversely affected by local and systemic factors induced by diabetes. Currently, a concept of diabetic cardiomyopathy or diabetic heart disease has been proposed. This describes the development of left ventricle dysfunction (diastolic and/or systolic) that is independent of hypertension and coronary artery disease. 14 It may be speculated that ventricular myocardium is more vulnerable to release NT-proBNP in the presence of an appropriate stimulus in diabetics than normal subjects. In addition, cardiac autonomic neuropathy may also contribute to the release of NTproBNP from myocardium in diabetic patients. Taken together, we postulate that the acute effects of HBO2 therapy on cardiovascular homeostasis is well tolerated in healthy young subjects but in diabetics with a degree of cardiovascular pathology, HBO2 may exert significant effects. There are limitations of our study. The first one is NT-proBNP levels were measured only just after HBO2 therapy. Therefore we do not know how NTproBNP levels proceeded in the first 24 hours after HBO2 therapy. Another limitation is the low number of patients recruited into the study. Our results should be confirmed in a larger study.
We conclude that HBO therapy induces significant ventricular wall stress in diabetic patients and care should be taken when a diabetic patient with cardiovascular disease is treated with HBO2 therapy.
